This study assessed the performance of Sequential Organ Failure Assessment, Logistic Organ Dysfunction Score and Multiple Organ Dysfunction Score in outcome prediction in severe sepsis. A total of 528 consecutive patients with a diagnosis of severe sepsis were enrolled from two surgical intensive care units of university hospitals in China. Clinical and laboratory data of patients were collected and admission and maximum values of each scoring system were calculated. Areas under the receiver operating characteristic curve, which were used to assess discrimination, were 0.80, 0.83 and 0.74 for admission Sequential Organ Failure Assessment, Logistic Organ Dysfunction Score and Multiple Organ Dysfunction Score respectively, and 0.91, 0.93 and 0.86 for corresponding maximum values respectively. Calibration assessed by the Hosmer-Lemeshow statistic was better with admission (χ 2 =18.2) and maximum Logistic Organ Dysfunction Score (χ 2 =19.6) than with admission (χ 2 =98.1) and maximum Multiple Organ Dysfunction Score (χ 2 =30.9). Brier Scores, indicating the overall performance of the scores, were 0.18, 0.17 and 0.
Sepsis
is an infection-initiated systemic inflammatory response syndrome and is considered severe when associated with acute organ dysfunction 1, 2 . Severe sepsis has become a leading cause of morbidity and mortality in critical illness despite advances in critical care medicine in the past decades [3] [4] [5] . Both clinical experience and research results have shown that the predominant direct cause of death in severe sepsis is not the underlying disease, but rather the consequent multiple organ dysfunctions 6, 7 . Therefore, evaluating the severity of organ dysfunction and assessing mortality risk in severe sepsis patients will be helpful in identification of subgroups with high mortality risk, selection of therapeutic interventions and improvement of quality of care.
The most popularly used multiple organ dysfunction scoring systems are the Sequential Organ Failure Assessment (SOFA) 8 , the Logistic Organ Dysfunction Score (LOD) 9 and Multiple Organ Dysfunction Score (MODS) 10 . All these systems rely on the number and degree of organ dysfunction from six key organ systems (cardiovascular, respiratory, neurological, renal, hepatic and coagulation systems) and each has its own strengths and weaknesses [8] [9] [10] [11] . These three scoring systems have been extensively studied in critical illness and showed reliability in predicting clinical outcomes in a number of multi-or single-centre studies [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Moreover, some studies with patients suffering from sepsis or severe sepsis showed that SOFA score was closely associated with clinical outcome and the score of each organ system made unequal contribution to mortality 5, 19 . However, SOFA, LOD and MODS performance scores in severe sepsis patients have not been well investigated.
The aim of the present study was to assess and compare the performance of the three multiple organ dysfunction scores (SOFA, LOD and MODS) in predicting hospital mortality in Chinese patients with severe sepsis.
MATERIALS AND METHODS
The present study was conducted in surgical intensive care units (ICU) of two university hospitals (the First Affiliated Hospital of Zhejiang University and the Sir Run Run Shaw Hospital, Affiliated Hospital of Zhejiang University, Hangzhou, China), from 1 December 2004 to 30 November 2008. Study protocol was reviewed by the ethical committees at each centre and informed consent was waived because of the observational nature of this study.
Study population
Adult patients (age ≥18 years) who were diagnosed with severe sepsis within the first 24 hours after ICU admission were enrolled. Sepsis was defined according to the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference definitions by infection plus two systemic inflammatory response syndrome criteria 1,2 . Severe sepsis was diagnosed when sepsis was associated with acute organ dysfunction (SOFA score of ≥2 for the organ in question) 1, 2, 5 . Patients who were readmitted to the ICU during the same hospitalisation or who stayed in the ICU for less than 24 hours were excluded.
Case identification and data collection
Case identification and data collection were conducted with prospective methodology by two investigators, both of whom had received more than one year's clinical training in critical care medicine and had previous research experience. For each enrolled case, the diagnosis of severe sepsis was confirmed by both our investigators and the corresponding ICU attending physician. For patients developing severe sepsis at ICU admission, the following data were collected: age, gender, primary diagnosis, chronic comorbidities, clinical and laboratory data for admission Acute Physiology and Chronic Health Evaluation (APACHE) II 21 and daily multiple organ dysfunction scores (SOFA, LOD and MODS), hospital length of stay (LOS), ICU LOS and outcome.
Organ dysfunction scores
The admission organ dysfunction scores (SOFA, LOD and MODS) were calculated from the data of the poorest physiological values of each organ system in the 24 hours following ICU admission as outlined in the original literature [8] [9] [10] . Maximum organ dysfunction scores (SOFA, LOD and MODS) referred to the highest scores during the ICU stay. To achieve better comparability with SOFA and LOD scores, MODS was calculated for each day by using the worst single value of that day, not the worst value during the ICU stay as it was originally designed 10 . The APACHE II score was calculated as described by Knaus et al 21 .
For calculations when a laboratory value was missing, the value of the previous day or the next day was used. If both values were missing, the value was considered missing data and calculated as normal. Patients with more than three missing data were defined as patients lacking essential data, and excluded from the study.
Statistical analyses
Data are presented as mean ± SD (standard deviation) or median (interquartile range) according to their distribution pattern, and compared by Student's t-test or Mann-Whitney rank sum test respectively. Discrimination (ability to distinguish between patients who die and those who survive) of multiple organ dysfunction scores was assessed by the area under the receiver operating characteristic curve (AUROC). AUROCs were compared using Wald statistic. Calibration of these scoring systems (the agreement between observed and expected mortality at different risk intervals) was evaluated by Hosmer-Lemeshow goodness-of-fit test. The calibration curves were characterised with intercepts and slopes. Standardised mortality ratio is calculated as the ratio of observed to expected hospital mortality. Brier Score has been adopted to assess the overall performances of these models. Statistical tests were performed using SPSS 16.0 for Windows (SPSS, Chicago, IL, USA) and STATA 7.0. In all comparisons, P <0.05 (two-tailed) was considered statistically significant.
RESULTS
During the study period, a total of 561 patients with a diagnosis of severe sepsis at ICU admission were identified, among which 33 were excluded for the lack of essential data. Among the 528 enrolled severe sepsis patients, 224 (42.4%) died in the hospital. The characteristics of the patients who did and did not survive hospital are compared in Table 1 .
Non-survivors were associated with older age, higher APACHE II score and more episodes of nosocomial pneumonia. Significant difference was observed in admission multiple organ dysfunction scores (SOFA, LOD and MODS) and maximum multiple organ dysfunction scores (SOFA, LOD and MODS) between survival and non-survival severe sepsis (all P <0.001). Survivors stayed longer in the hospital than non-survivors (30 vs 14 days, P <0.001), whereas significant differences in ICU LOS between the two groups were not observed (7 vs 8 days, P=0.76).
AUROCs of admission SOFA, LOD and MODS were 0.80 (0.76 to 0.84), 0.83 (0.79 to 0.87) and 0.74 (0.70 to 0.78), respectively, while AUROCs of corresponding maximum values were 0.91 (0.88 to 0.93), 0.93 (0.91 to 0.95) and 0.86 (0.82 to 0.89), respectively (Table 2 ). Furthermore, AUROCs of the admission or maximum LOD and SOFA scores were larger than corresponding MODS, respectively (all P <0.01), while no significant difference was observed in AUROCs between SOFA and LOD in terms of admission or maximum value (all P >0.05). Admission LOD showed a statistically larger AUROC than APACHE II (P=0.037), while SOFA and MODS had comparative AUROCs (P=0.503 and P=0.078 respectively). The Hosmer-Lemeshow goodness-of-fit values were 18.2 with 10 degrees of freedom (P=0.02) for admission LOD, 19.6 with 10 degrees of freedom (P=0.01) for maximum LOD, 98.1 with 5 degrees of freedom (P <0.001) for admission MODS and 30.9 with 5 degrees of freedom (P <0.001) for maximum MODS (Table 2) . For the entire sample, SMR (95% confidence interval) using the admission LOD, admission MODS, maximum LOD and MODS was 1.13 (0.98 to 1.27), 1.52 (1.32 to 1.72), 0.92 (0.80 to 1.04) and 1.24 (1.08 to 1.40), respectively ( Table 2 ). The calibration curves of admission LOD, maximum LOD, admission MODS and maximum MODS have been presented in Figure 1 , as well as the correlated intercepts and slopes. Since there were no available equations or coefficients to calculate expected hospital mortality, calibration of SOFA was not conducted in the present study.
Brier Score of admission SOFA, LOD and MODS were 0.18, 0.17 and 0.22, respectively, while their counterparts for maximum values were 0.12, 0.10 and 0.15, respectively.
DISCUSSION
This study has assessed and compared the performance of three major multiple organ dysfunction scores (SOFA, LOD and MODS) in 528 patients with severe sepsis within China. As suggested by AUROCs and Brier Score, admission SOFA and LOD had good performance in predicting hospital mortality, while admission MODS showed medium performance. Maximum scores of the three were more closely associated with hospital mortality. Compared with APACHE II, a widely used severity-of-illness score, these three multiple organ dysfunction scores had better or similar power in discriminating nonsurvivors from survivors in severe sepsis. All the three multiple organ dysfunction scores studied in the present investigation are widely used in critically ill patients and have features that differ from each other. The SOFA score was developed during a consensus conference and originally termed the "sepsis-related" organ failure assessment 8 . It was specifically designed to describe multiple organ failure (or morbidity) and includes several therapeutic variables such as inotropic support. The LOD system was developed in 1996 and has taken into account both the relative importance among organ systems and the degree of severity within an organ system using a multiple logistic regression technique 9 . It was designed initially as a tool for evaluating the probability of mortality based on organ dysfunction on the day of ICU admission, and now for measuring the severity of each organ dysfunction day after day such as in the study of Timsit et al 16 . The MODS score was based on a systemic review of all studies related to multiple organ dysfunction published between 1969 and 1993, to determine which characteristics had been used to define organ failure 10 . The main difference between MODS and SOFA scores was that MODS score assessed the cardiovascular score with the pressure-adjusted heart rate 8, 10 .
These multiple organ dysfunction scores have been studied in a number of clinical investigations [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , the majority of which used discrimination and calibration to assess the reliability and applicability of the scores in certain populations 22 . In concordance with previous studies, the present study employed AUROC to evaluate the discriminative power of the three multiple organ dysfunction scores. An AUROC of >0.8 indicates a good discrimination, while an AUROC of 0.5 indicates the effects of chance alone. In the present study, admission SOFA and LOD showed good discrimination (AUROC >0.8), while admission MODS displayed with medium discriminative power (AUROC=0.74). These findings were comparable to the study conducted by Pettuila et al, who reported the AUROCs for admission MODS, SOFA and LOD were 0.695, 0.776 and 0.805 respectively 15 . Furthermore, this study also showed similar results to those of previous reports 14, 15 , which found the maximum multiple organ dysfunction scores had the better discrimination than their admission counterparts. This was not surprising since for most of the non-survivors, the maximum scores were evaluated a very short time before they died and they were diagnosing death rather than predicting it. Different from several studies that reported the APACHE II score had a better discrimination than multiple organ failure scores (SOFA, LOD and MODS) in predicting hospital mortality within critically illness 20 , the present study found LOD with a statistically larger AUROC than APACHE II, while SOFA and MODS showed comparable AUROCs. The reason for this discrepancy might be mainly attributed to differences in case mix. This present study focused on the ICU admissions with severe sepsis, while most previous studies enrolled all critically ill patients admitted to the ICU. Poor calibration of LOD and MODS were also observed in this study and SMR showed underestimated mortality in both scores. This might be interpreted by the fact that severe sepsis patients have a much higher mortality rate than the average ICU patients, from whom the original data of the two scores were derived 23 . Also, calibration might be influenced by other facts such as racial differences and quality of the intensive care.
Among the three multiple organ dysfunction scores, LOD had the best correlation with hospital outcome, followed by SOFA and MODS, which is consistent with the findings of Le Gall et al in a study in surgical and medical ICU patients 9 . Compared with LOD and SOFA, MODS had a slightly weaker performance in predicting hospital outcome in severe sepsis and significantly underestimated mortality. This might be associated with the method of calculating its cardiovascular dysfunction score. The cardiovascular dysfunction in MODS is measured by pressure-adjusted heart rate, which is calculated by the product of the heart rate multiplied by the ratio of the central venous pressure to the main arterial pressure 10 . When there is no available central venous pressure measurement, the pressure-adjusted heart rate was assumed to be normal and given a score of 0 10 . Thus, the severity of cardiovascular dysfunction may have been significantly underestimated since central venous pressure measurement was absent in almost half of the patients (48.5%) enrolled in the present study, which in turn could lead to underestimation of the overall death risk. Moreover, MODS was designed to use the worst value of each organ system during the ICU stay to predict mortality. However, the present study used the worst value of each organ system during the same ICU day to calculate admission MODS and maximum MODS, as did previous studies 15, 20 , in order to compare MODS with LOD and SOFA. Thus, the predicting power of MODS might be undermined.
